procedure or chemotherapy with possibly reduced cure rates. One of the main barriers to successful allogeneic bone marrow transplantation is the degree of HLA incompatibility between the recipient and donor. An unrelated donor should be as exact an HLA match as possible with the patient in order to give the best chance of successful engraftment and to reduce the likelihood of severe graft-versus-host disease (GVHD). The polymorphism of the HLA system is high and the size of the donor pool which is searched is a major factor in determining whether an acceptably HLA-matched donor will be found. 1 The ethnic match between the patient and the donor pool is also important, with ethnic minority patients being at a disadvantage for finding a donor in established volunteer registries. 2 In the UK, the majority of the approximately 92 000 volunteer donors registered with the BBMR and the approximately 300 000 volunteer donors registered with The Anthony Nolan Bone Marrow Trust are of European Caucasoid origin. 3 Cord blood is increasingly used as a source of haematopoietic stem cells for allogeneic bone marrow reconstitution in both related and unrelated recipients and preliminary data indicate that they may have some immunological advantages over haematopoietic stem cells derived from adult bone marrow. 4 The London Cord Blood Bank (LCCB) was established in 1996 and has now banked almost 3000 cord blood units. The hospitals at which the units are collected for the LCBB were selected on the basis of ethnic diversity of mothers giving birth in order to maximise the number of ethnic minority cord blood units harvested. 5 In this paper we report on the analysis of the ethnic background and the HLA-A, -B and -DR phenotypes of the first 1500 LCBB units. In addition, significant HLA-A-B and B-DR haplotypes are reported. The results were compared with those obtained from an analysis of the ethnic background and HLA-A, -B and -DR phenotype frequencies found in locally recruited and HLA-typed blood donors volunteering for the BBMR.
Materials and methods

Cord blood units
Cord blood units were collected from two local hospitals in London following ethical committee approval. The ethnic origin of the infant from whom the cord blood was derived was ascertained when the mother consented for virological testing. For this analysis only four broad categories were considered: European Caucasoid, non-European Caucasoid (including Indian sub-continent and Arab), Afro-Caribbean plus African and Oriental.
Bone marrow volunteers
Samples from regular blood donors volunteering to be registered with the BBMR were collected within the UK-NBS London and South East Zone. The 750 donors analysed were sequentially recruited in 1995 and had indicated their ethnic origin on the registration form from the categories above.
HLA typing of cord blood units
HLA-A, -B and -DR typing was performed by molecular techniques in line with recent recommendations, 6 although HLA-A and -B typing was initially carried out by serology on the first 250 units using the same method as for bone marrow volunteers (see below). HLA analysis was performed on DNA extracted from an approximately 5-ml sample of cord blood by a modified salting out technique. 7 In cases where too little DNA was recovered from the cord blood sample, DNA was extracted from cord tissue. The typing systems used defined all HLA-A, -B and -DR specificities 8 with the exception of: A203, A210 (included in A2), A2403 (included in A24), B703 (included in B7), B2708 (included in B27), B3901, B3902 (included in B39), B5101, B5103 (included in B51), B64, B65 (included in B14), and DR1403, DR1404 (included in DR14) and additionally HLA-B82 was defined.
HLA-A typing was performed by PCR-SSOP. 9 HLA-B typing and HLA-A typing for uncertain or ambiguous types was performed by PCR-SSP. 7 HLA-DR typing was performed using commercial PCR-reverse SSOP kits (Innogenetics, Ghent, Belgium and Dynal, Bromborough, UK) and ambiguous types were resolved by PCR-SSP typing using a commercial kit (Dynal).
HLA typing of bone marrow volunteers
HLA-A, -B typing of the bone marrow volunteers was performed by serology with local and commercial reagents using the modified NIH lymphocytotoxicity assay. HLA-DR typing of the bone marrow volunteers was carried out by PCR-SSOP and PCR-SSP as for the cord blood units.
Population genetics analyses
Phenotype frequencies were calculated from the number of subjects possessing the phenotype divided by the total number of subjects in the sample. The validity of HardyWeinberg equilibrium 10 was tested for each locus within each major ethnic sub-group by calculating the expected number of subjects for all phenotype combinations and comparing those values with the observed numbers. Pearson's 2 was used to test the goodness of fit between the observed and expected values after pooling low frequency phenotypes until their expected values reached 5. 11 The significance of HLA-A-B and HLA-B-DR associations were calculated by comparing the expected and the observed frequencies of phenotype combinations.
Results
Ethnic origin of cord blood and BBMR volunteer panels
The analysis of the ethnic origin data for the cord blood and BBMR panels is shown in 
HLA-A, -B, -DR frequencies in cord blood and BBMR volunteer panels
The results of the Hardy-Weinberg analysis confirmed that the HLA phenotype distributions in the cord blood units and the bone marrow volunteers were random for each locus. Table 2 shows the percent HLA-A phenotype frequencies in 1500 cord blood units compared with 750 locally typed bone marrow volunteers and the HLA-A phenotype frequencies in the ethnic subgroups of the cord blood panel. Five HLA-A specificities were found in the cord blood panel which were not detected in the bone marrow volunteer panel; these were HLA-A34, A66, A69, A36 and A80. The only HLA-A specificity not detected in the cord blood unit panel was HLA-A43 which is most typically found in populations from southern Africa such as the San. 12 HLA-A26 and A33 are present in the cord blood units at significantly higher frequency than in the bone marrow volunteer panel (corrected P Ͻ 0.05); A26 is present in both European and non-European Caucasoid groups of cord blood units at frequencies greater than 6%, which accounts for the higher frequency in the cord blood panel, while the high frequency of A33 in the cord blood panel is due to its high frequency in cord blood units of non- Table 1 Ethnic origin of cord blood units and bone marrow donor (BMD) panel members
Ethnic group
Cord blood units BMD volunteers n = 1500 n = 750 European Caucasoid, African and Afro-Caribbean and Oriental origin. Other differences in HLA-A frequencies between the cord blood and the bone marrow volunteer panels are also related to the ethnic composition of the cord blood panel. In the non-European Caucasoid group of cord blood units HLA-A24, A11 and A68 are present at high frequency, in the group of cord blood units obtained from infants of Afro-Caribbean and African ethnic origin, HLA-A34, A30 A74, A36 and A80 are present while in the Oriental group of cord blood units A2 occurs in over 50% and A24 and A11 are also found frequently. Table 3 shows the percent HLA-B phenotype frequencies in 1500 cord blood units compared with 750 locally typed bone marrow volunteers and the frequencies in the ethnic subgroups of the cord blood panel. Ten HLA-B types were found in the cord blood panel which were not detected in the bone marrow volunteer panel; these were HLA-B75, B61, B42, B46, B48, B67, B73, B78, B81 and B82 and their presence in the cord blood panel reflects the presence of much larger numbers of non-European Caucasoid (in the cases of HLA-B61 and B75), Afro-Caribbean and African (HLA-B42, B78, B81 and B82) and Oriental (HLA-B46 and B48) units compared with the bone marrow donors. Additionally, one non-European Caucasoid cord blood unit was typed as B*1523 and another as B*1529, one Oriental cord blood unit was typed as B*1508/11/15 and one unit of South American/European ancestry was typed as B1522; all of these have been entered in Table 3 as 'B15' since these alleles do not have clearly defined associated HLA-B specificities. 13 The only HLA-B types not detected in the cord blood unit panel were HLA-B76, B77, B54 and B59, all of which are most typically found in Oriental popuBone Marrow Transplantation lations which is the least frequent ethnic group in the panel of cord blood units. The HLA-B types B52, B57, B58, B61 and B53 were present in the cord blood panel at significantly higher frequencies than in the bone marrow volunteer panel. The higher frequencies of HLA-B52 and B61 in the cord blood panel are due to their high frequency in the non-European Caucasoid cord blood units and HLA-B53 is present in the group of Afro-Caribbean and African cords at a frequency of 20.4%. The higher frequency of HLA-B57 in the cord blood unit panel is due to its presence in the European Caucasoid, non-European Caucasoid and Afro-Caribbean and African groups of cord blood units at frequencies greater than 7% while HLA-B58 is present in the non-European Caucasoid, Afro-Caribbean and African and Oriental groups of cord blood units at frequencies greater than 5%. Table 4 shows the HLA-DR percent phenotype frequencies in 1500 cord blood units compared with 750 locally typed bone marrow volunteers and the frequencies in the ethnic subgroups of the cord blood panel. HLA-DR18 was found in the cord blood unit panel but was not detected in the bone marrow volunteer panel; this specificity is most characteristic of Afro-Caribbean and African populations. HLA-DR1 is present in the cord blood panel at a significantly lower frequency than in the bone marrow volunteer panel, this is related to its low frequency in the non-European Caucasoid and Oriental groups of cord blood units. HLA-DR14 is present in the cord blood unit panel at a significantly higher frequency than in the bone marrow volunteer panel. This is due to its high frequency in the non-European Caucasoid group of cord blood units. Other features of the distribution of HLA-DR types are the high frequencies of DR10 in the non-European Caucasoid cords, of DR13 in the Afro-Caribbean and African cords and of DR9 in the Oriental cords. The distribution of DR4 between the different cord groups also varies, being present in the European Caucasoid and Oriental groups of cords at approximately twice the frequency found in the nonEuropean Caucasoid and Afro-Caribbean and African cords.
Comparison of HLA frequencies in infants and adults
A comparison was made between the HLA-A, -B and -DR frequencies found in the 935 European Caucasoid cord blood units and the 735 European Caucasoid members of the bone marrow volunteer panel. As indicated in Tables 1  and 2 , HLA-A26 and B57 were present in the cord blood (infant) group at significantly higher frequencies than in the adult group (corrected P Ͻ 0.05). The frequencies of HLA-A-B and B-DR haplotypes in the 935 European Caucasoid cord blood units and the 735 European Caucasoid members of the bone marrow volunteer panel were also compared. As a result of the higher frequency of HLA-B57 in the cord blood unit panel, the frequencies of the HLA-A1-B57 and B57-DR7 associations were higher in the cord blood unit panel than in the bone marrow volunteers of European Caucasoid origin (2.5% vs 0.4% and 2.5% vs 0.7%). The HLA- B38-DR4 association was also more frequent in the cord blood panel than the bone marrow volunteer panel (1.0% vs 0.7%).
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Comparison of HLA frequencies in male and female infants
HLA frequencies were also compared between male and female cord blood units of European Caucasoid, non-European Caucasoid and Afro-Caribbean and African ethnic origins. No HLA type was found at significantly different frequency in male and female cord blood units. It has been suggested that homozygosity rates for DR53 are significantly lower in new-born Welsh male and female infants. 14 No difference in homozygosity rates for DR53 was found between female and male European Caucasoid cord blood units; 12.8% of 437 females and 10.2% of 499 males were likely DR53 homozygotes. Table 5 shows the percent frequency of significant (P Ͻ 0.005 before correction) HLA-A-B combinations in ethnic subgroups of the cord blood panel, those indicated by an asterisk are significant (P Ͻ 0.05) after correction for the number of combinations examined and are well-known haplotypic associations. The highest number of significant HLA-A-B associations was detected in the European Caucasoid cord blood units as these were the majority of the units. The HLA-A1-B8 association was apparently present in European Caucasoid, Afro-Caribbean and African and Oriental cord blood units. However this is a typically Caucasoid haplotype and its occurrence in the other groups is most probably due to the inclusion of children of mixed European Caucasoid-Afro-Caribbean or African origin in the Afro-Caribbean/African group and of mixed European Caucasoid-Oriental origin in the Oriental group. Four
Significant HLA-A-B associations in ethnic subgroups of the cord blood panel
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0.7* A33-B58 1.9* P Ͻ 0.005 not corrected; *corrected P Ͻ 0.05.
additional HLA-A-B haplotypes, A1-B57, A1-B37, A26-B38, A30-B13, were found in both European and non-European Caucasoids, however in the non-European Caucasoid cord blood units HLA-A26-B8 was a significant association rather than HLA-A1-B8. The other 20 HLA-A-B associations were each only found in one ethnic group.
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Significant HLA-B-DR associations in ethnic subgroups of the cord blood panel Table 6 shows the percent frequency of significant (P Ͻ 0.005 before correction) HLA-B-DR combinations in ethnic subgroups of the cord blood panel, those indicated by an asterisk are significant (P Ͻ 0.05) after correction for the number of combinations examined and are well-recognised haplotypic associations. Most HLA-B-DR associations were detected in the European Caucasoid cord blood units as these were the majority of the units. The HLA-B8-DR17 association was found in the European Caucasoid, non-European Caucasoid and Afro-Caribbean and African groups of cord blood units and its occurrence in all the groups is probably due to the inclusion of children of mixed European Caucasoid-non-European Caucasoid in the nonEuropean Caucasoid group, of European Caucasoid-AfroCaribbean or African origin in the Afro-Caribbean/African group and of mixed European Caucasoid-Oriental origin in the Oriental group. Seven other associations were found in more than one group; B52-DR15, B44-DR7, B13-DR7, B57-DR7 and B37-DR10 in European Caucasoid and nonEuropean Caucasoid cord blood units; B44-DR4 and B55-DR14 in European Caucasoid and Afro-Caribbean and African groups of cord blood units and the remaining 22 HLA-B-DR associations were found in only one of the groups. In the non-European Caucasoid group of cord blood units HLA-B75-DR12 formed a significant haplotype, four of the seven HLA-B75 (B*1502) positive cord blood units were also DR12. The HLA-B42-DR18 association was significant in the Afro-Caribbean/African group of cord blood units and HLA-B46-DR9 were significantly associated in the cord blood units of Oriental origin.
Discussion
The majority of international registries of bone marrow volunteer donors are composed predominantly of Euro-Caucasoid individuals. Analysis of the ethnic origin of units in the LCBB shows that over 30% are derived from infants from United Kingdom ethnic minorities in contrast to a local bone marrow volunteer panel, in which only 2% of the individuals were from ethnic minorities. The HLA types found in the cord blood panel reflect the diversity of the urban population from which they are derived and rare HLA types such as HLA-A80, B75, B78, B81, B82 and DR18 have been found in the cord blood panel. The significantly different frequency of HLA types such as A33, B52, B58, B61, B53, DR1 and DR14 between the cord blood and the local BBMR volunteers is due to the difference in ethnic profile of these two groups. The HLA phenotype frequencies of the European Caucasoid group of cord blood units was similar to that of the panel of local BBMR volunteer donors who are of predominantly European Caucasoid origin. However HLA-A26 and B57 were found at a significantly higher frequency in the cord blood panel than in the adult BBMR panel and these differences may reflect population differences between these two groups. The three most common HLA-A-B haplotypes found in the LCBB cord blood units of European Caucasoid ethnicity (A1-B8, A2-B44 and A3-B7) are also the three most common haplotypes found in the local BBMR volunteers, in Welsh bone marrow volunteers 15 and in Dutch bone marrow volunteers. 16 However the HLA-A-B haplotypes A26-B8, A33-B44 and A33-B58 which were found in the non-European Caucasoid cord blood units were not found in the BBMR volunteers, in Welsh bone marrow volunteers 15 or in Dutch bone marrow volunteers. 16 The possibility of matching for haplotypes which may be restricted to certain ethnic groups also increases the likelihood of matches at the allele level.
Using the data from the HLA analysis of the LCBB cord blood units and the local BBMR panel we have also been able to examine possible differences in HLA profile between female and male infants and infants and adults. It has been reported that homozygosity rates for DR53 are significantly lower in new-born Welsh male compared to female infants, 14 however we could find no evidence for an altered rate of DR53 homozygosity in male compared with female infants or of a difference in DR53 frequency between infants (cord blood units) and adults. It has been suggested that certain HLA types or haplotypes are increased in frequency in aged normals. 17 Although HLA-A26 and HLA-B57 were present at higher frequency in the group of European Caucasoid infants (cord blood units) than in European Caucasoid adult bone marrow volunteers, this may be due to population differences between these 481 two groups. The BBMR panel members were aged below 45 years at recruitment and it is unlikely that HLA frequency differences with the cord blood group are related to differential mortality. A group of older individuals should be used for this comparison.
Cord blood units represent a resource additional to that provided by registries of adult volunteers for patients requiring allogeneic stem cell transplantation, especially children. Ethnic minority patients have a smaller chance of finding an HLA-matched unrelated bone marrow or stem cell donor from established donor registries and thus one of the aims of the LCBB was to bank units which offered different HLA profiles to those provided by UK adult volunteer bone marrow registries. This aim is demonstrably being achieved; LCBB units are registered with Netcord and BMDW. The HLA types and haplotypes found in the London Cord Blood Bank cord blood units reflect their ethnic diversity and even though the absolute number of cord blood units derived from ethnic minority infants is small, this should increase the possibility of finding acceptably HLA-matched donors for patients, especially those from ethnic minorities, with HLA haplotypes uncommon in UK adult registries.
